This paper sets out to analyse the evolution of the dairy farm structure of Poland during the post-socialist period. After focusing on how the farm structure has changed over time, an instrumental variable generalized cross entropy estimator is used to develop and estimate a Markov model in order to explore how farm structure will probably develop in the coming decade. The estimator exploits both sample data and prior information, including general and plausible information on farm mobility and structural adjustments based on independent literature. Next, several statistical indicators are computed for farm mobility and for which farms are likely to survive.
INTRODUCTION
In this paper we set out to analyse the evolution of the dairy farm structure of Poland during the post-socialist period. This analysis is of interest to policy makers, in providing insight into how the farm structure is likely to evolve; a particularly relevant issue is what will happen to the subsistence and semi-subsistence farms in the restructuring process. The analysis is also of interest to the upstream and downstream industries that have to decide on investments in dairy processing capacity, milk collection schemes, and providing farm input supplies.
We have four objectives: to examine how the farm structure has changed over time and what path it is likely to follow in the coming decade by making several projections; to test whether the evolution of farm size is explained by non-stationary effects; to compute several statistical indicators of farm mobility and of which farms are likely to survive; and finally, to make milk projections for the coming decade, based on the projected number of dairy farms and to compare them with two possible policy scenarios: 1) status quo milk quota and 2) a gradual phasing out of the milk quota.
We use a Markov probability model (Lee et al., 1970) of farm size distribution which is able to analyse movements of individuals between different states when only aggregate data on finite size categories are available for a given time period. A generalized cross entropy (GCE) estimator is used (see Golan et al., 1996; Mittelhammer et al., 2000) . Entropy estimators are particularly suitable when dealing with limited data, as is often the case for empirical applications on Central Eastern
European Countries (CEECs). Our paper further extends the approaches of Golan and Vogel (2000), Courchane et al. (2000) , Karantininis (2002) and Jongeneel et al. (2005) by allowing for a heteroscedastic version of the set of Markov equations and The remainder of this paper is organized as follows. Section 2 describes the farm structure of Poland, with a focus on dairy farming. Section 3 specifies the Markov chain entropy formalism. Section 4 discusses the sample data as well as prior information. Section 5 discusses results. Section 6 presents the associated milk projections and relates these two policy scenarios. In Section 7, the conclusions are presented.
FARM STRUCTURE IN POLAND, WITH A FOCUS ON DAIRY FARMING
Poland is one of the most important dairy producers in the European Union (EU). In 2006 it accounted for about 8 per cent of the total EU-27 cow milk production, being the fourth EU milk producer after Germany, France and United Kingdom. In the last five years, dairy cow numbers have declined by 9.4 per cent and milk yields have improved by 15.1 per cent (FAOSTAT, 2006) . Since the demise of the socialist regime, the Polish dairy sector has presented a highly fragmented dairy farm structure, with a large number of small private family farms, just as in other sectors of agriculture. In 1987, about 67 per cent of the dairy farms had only 1-2 cows and these accounted for 41 per cent of the national herd. about 80 per cent of the national milk production was being produced from farms with 10 cows or less (Sznajder, 2002, pp. 242-244) .
In Poland, dairy producers after the transition reform can be classified into three main categories: farmers with 1-2 cows, producing milk mostly for the farm household (i.e. subsistence dairy farms); farmers with more than 3-4 cows, who produce milk for sale in local markets and for their own needs (i.e. semi-subsistence dairy farms); and farmers with more than 10 cows, who produce almost exclusively for the dairy industry (Sznajder, 2002, p. 248) . In 1996, about one quarter of Polish milk was produced by almost 1 million individual farms keeping 1 to 3 cows, while half was produced by farms with 3 to 9 cows (European Commission, 1998, p. 36 ).
This underscores the great fragmentation of Polish milk production even after The Polish Ministry of Agriculture expects the number of total farms to fall by 76 per cent between 1996 and 2010 (AgraEurope, 2000 . At first sight, Figure 1 suggests that the evolution of Polish dairy farms has proceeded without being affected by the EU milk quota system which was announced in 2004 and effectively introduced in 2006. In addition, it appears that the size class with 3 to 9 cows is the 'switch' class: farms with smaller herds (i.e. 1-2 cows) show a tendency to decline, whereas for farms with larger herds (i.e. more than 10 cows) the opposite holds. This suggests that some of the dairy farms in the size class with 3 to 9 cows will go out of business, or scale down, or scale up. 
CHAIN
The Markov chain approach is very suitable when the only data available are count data in the form of observable proportions or aggregates rather than data at the level of micro units. Movements from state to state are represented by a stochastic process and are typically modelled by estimating the so-called Markov transition probabilities. It is often the case that the proportions/count data are only available for the total aggregate and not for the net shifts, so that the number of unknowns in terms of transition probabilities to be estimated might exceed the number of available data points (i.e. ill-posed problem). In addition, the proportions/count data may be potentially correlated (i.e. ill-conditioned problem). In this context, the maximum entropy (ME) algorithm developed in Golan et al. (1996), Fomby and Carter Hill (1997) and Mittelhammer et al. (2000) is a suitable candidate for extracting the maximal signal from an initial 'out-of-focus' problem. Fraser (2000) used maximum entropy estimators to estimate the demand for meat in the United Kingdom under severe multicollinearity problems. He showed that maximum entropy estimators relying on minimal underlying distributional assumptions perform well where traditional econometric approaches are unsatisfactory.
Our paper is based on a GCE formalism which is founded on the directed divergence or minimal discriminability principles of Kullback (1959) and Good (1963) . GCE is suitable when some 'educated' guesstimates based on previous data, experiments or economic theory are available (i.e. prior estimates). As discussed by Golan (2002) , GCE is an information theory distance measure of the information F o r P e e r R e v i e w contained in the posterior estimates as compared to the information contained in the prior estimates. Out of all the feasible solutions, GCE selects the one that minimizes the divergence between the data and the priors, the final solution being the closest to the data and priors. Considering the dynamic farm growth process in a Markov problem, it seems likely that farm growth can be explained by non-stationary effects.
Several economic variables are then expected to affect the unknown transition probabilities 1 . Applying the formulation as developed in Golan and Vogel (2000) and Courchane et al. (2000) 2 , it is possible to assess the impact of key variables on the Markov transition probabilities, therewith potentially improving the explanatory power of the model. In formalizing the problem, the non-stationary GCE Markov problem can be formulated as follows:
subject to the following constraints:
and 1 For example, a literature review suggests that out of all possible covariates the following appear likely to affect the transition probabilities of dairy farms: technological shift, milk price, feed price, dairy cow stock price (see Goddard et al., 1993; Zepeda, 1995b; Karantininis, 2002 The consequence is that the estimates of the transition probabilities for these size classes are likely to converge to the prior estimates and underutilize the information present in the sample data. To avoid this, variances are specified per size class, following the statistical model presented in Golan et al. (1996, pp. 182-185) . By so doing, different error support bounds are specified for each Markov state relying on the 'three sigma' rule of Pukelsheim (1994) based on the empirical standard deviation of k y . Equation (4) represents the set of additivity constraints for the required Markov row constraint, while equation (5) does so for the proper probabilities of the reparameterized error. All proper probabilities of signal and noise are required to be
. The minimization of (1) subject to (2) - (5) 
where K is the number of states and T number of years as suggested in Golan and Vogel (2000), Courchane et al. (1991) , Karantininis (2002) . Both options, although empirically plausible, assume a common and constant variance matrix across the different Markov states. where tkh u are taken to be uniform with
A condensed version of the Lagrange problem for the IV-GCE estimator is provided in Appendix A.
The estimation procedure allows for the possibility of non-zero covariances following the one-step GCE-SUR as described by Golan et al. (1996, p. 186) . In contrast to the two-stage estimation procedure usually applied in conventional estimation procedures, the unknown elements of the covariance matrix are now jointly estimated with the unknown Markov transition probabilities. The one-step GCE-SUR requires the following additional consistency constraints to be added during the estimation: 
where gg kk kg kg 2 2
=
. The unknown covariance correlation coefficient kg is simultaneously estimated without the need to be reparameterized with the rest of the unknowns for each pair k g, and k, g = 1,…, K.
The relative information content of the estimated parameters can be evaluated through the normalized entropy measure described in Golan et al. (1996, p.93 are the so-called entropy ratio and an analogous entropy Chi-square measure, both described in Golan and Vogel (2000, pp. 454-455) .
In an instrumental variable GCE (IV GCE) Markov approach, non-stationary 
Appendix B recovers the probability elasticities for the IV-GCE problem from which the composite elasticity in equation (8) is derived.
Following the Markov formalism based on the Markov equilibrium distribution and absorbing states notions (Judge and Swanson, 1962, pp. 58-59) , it is possible to compute several indicators such as the mean number of years for a farm being in a transient Markov state before it is absorbed in an absorbing state, as well as the probability that a transient Markov state will end up in an absorbing state. The projections of farm numbers were obtained in two steps. In the first step, the Markov transition probability matrix was multiplied by itself n times in order to obtain the transition probability matrix during n time periods. In the second step, individual elements of the transition probability matrix were multiplied by the number of farms present in their respective size class in the base year used for projections. The researcher may follow several principles in order to best approximate the farm size growth and to guess or estimate the probability of a farm being in a given size class. In order to avoid data mining and ensure efficiency in estimation, wherever possible the prior information should be derived from sources independent from the sample data. In this study, previous research was examined and the lessons (general patterns) drawn from this formed the basis of the prior information used (see Table 1 ) 7 . The prior information on Markov transition probability estimates may be one of three types: the probability of a farm persisting in the same farm size class 6 Nine farm size classes if the artificial entry and exit class is included. Based on these findings in the literature, the priors on the diagonal transitional probabilities were set, moving from the top left corner to the lower right corner of the transition probability matrix from 0.80 to 0.90 (i.e. likely to exit than large farms (see also earlier comment), and the smaller the farm, the higher the probability of exit. Combining this with the already specified priors on persistence (which was set to 0.8 for small farms) the priors on the exit probabilities 20 10 , p p and 30 p were set to 0.20, 0.15 and 0.10 respectively.
With respect to entry, in all the studies shown in Table 1 , the total number of enterprises shows a clear tendency to decline over time. Generally, very little ).
Net Shifts:
As regarding the net shifts, one pattern observed from the literature is that farms show a tendency to develop gradually. This implies that the probability a farm will move from its current size class to an adjacent size class is generally higher than the probability it will move to more distant size classes. A second finding is that there is usually a 'switch' size class, below which farms show a tendency to decline and ultimately go out of business, whereas above this size class, farms expand their business. This finding is probably to do with the farms being predominantly family businesses and therefore with farm succession being tied to the family cycle (e.g.
ageing farmers with no successors are likely to gradually downsize their business).
Another explanatory factor might be that farms need to be a certain critical size in order to be considered 'viable', i.e. be able to finance expansion relying on internally generated savings and also be able to acquire external credit (see Swinnen and Mathijs, 1997; Tonini and Jongeneel, 2002) . Reviewing previous studies it appeared that which size class is the tipping-point size class is generally country-and casespecific (depending, for example, also on the specified number and width of size classes). Our prior estimate of the 'switch' size class is therefore based on the . Farms in larger size classes are assumed to have a 0.10 probability of moving up to the adjacent size class, whereas farms in size classes under the 'switch' class are assumed to have the same probability of moving down to the next size class (conditional on prior assumptions previously made about exit for the lower size classes). The prior assumptions made so far imply that most of the lower and upper off-diagonal elements of the transition probability matrix have prior expectations equal to zero (see Disney et al. (1988) , Zepeda (1995) for a similar approach).
ESTIMATION RESULTS AND DISCUSSION
The IV GCE Markov model was estimated including a trend capturing for structural change. The normalized signal entropy ( ) which was equal to 2.324. The Jarque-Bera test revealed that at five percent significance level the hypothesis of normally distributed errors could not be rejected (Verbeek, 2004, p. 185) . Statistical testing, at least for the signal part, was done Even though the power of statistical tests can be weakened when there are negative degrees of freedom, several facts can be drawn from the above results. The computed statistics suggest that the data did not push the final estimates too far from the prior, which indicates either that the data signal is poor, or that the prior estimates conform to the data. This finding is also related to the negative number of degrees of freedom. Table 2 presents the estimated IV GCE Markov model (i.e. non-stationary model).
The estimated transition probability matrix itself already provides insight into the dynamic adjustment of dairy farms. For example, during the period considered there was a strong tendency for farms to persist in the same size class from one year to the next (see transition probabilities on the diagonal containing elements kk p ). The off-diagonal elements of the transition matrix provide information on the extent to which dairy farms are going to scale up or down. For example, from one period to the next, about 2 per cent of all farms with 10-29 cows will probably grow into dairy farms with 30-49 cows. In Table 2 For a given prior configuration we carried out several estimations by changing the prior magnitude by only one digit each time. This did not change the final estimates appreciably. To save space, results are not reported here, but they are available upon request from the authors. cows, the mean number of years before absorption is about 50, whereas for a dairy farms with 2 cows the mean number of years before absorption is about 6. This suggests that the rate of change is faster for the small dairy farms than for the medium and large dairy farms. From the last two columns of Table 3 it also appears that in equilibrium the majority of the dairy farms with 1 and 9 cows will leave the sector, whereas the dairy farms belonging to the remaining size states will continue in dairying. More precisely, only 16 per cent of the dairy farms with 3-9 cows will persist in the dairy sector, whereas 84 per cent are expected to leave the sector. In addition, from our results it appears useful to impose some sort of prior information on the estimated Markov transition probabilities, given the relatively low projection power of the models estimated with uniform priors. The estimated IV GCE-SUR model predicts the total aggregate number of dairy farms reasonably well, although the model tends to overestimate the number of farms in most of the size classes -except for the farms with 2, 30-49 or 100-199 cows, where the model underestimates the total number of farms. This is mainly attributable to the effect of net shifts from one size class to the adjacent size class. 
MILK PROJECTIONS AND MILK QUOTAS IN POLAND
Based on the estimated projected dairy farm size distribution, the associated aggregate Polish milk supply was calculated. In order to do so, several simplifying assumptions were made on the average number of cows per farm of a certain size class, as well as the autonomous growth of milk yield. In addition, it was assumed that milk was being delivered by farms with more than 10 cows as well as by a proportion of the farms with 3 to 9 cows. Similarly it was assumed that the remaining milk produced from farms with 3 to 9 dairy cows was allocated to direct sales and home consumption. Milk projections were calibrated for the base year 2006. In order to compare the supply with the quota, the milk supply was corrected for the actual fat content. For a more detailed summary of the assumptions, see Appendix C. The milk projections are presented in Figure 2 , which shows that direct sales will decline over time and also that milk deliveries are expected to grow slightly. This growth is attributable to restructuring in the sector as well as to genetic improvements in milk yields. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Our supply projections were related to two milk quota scenarios. The first scenario represents the status quo milk deliveries and direct sales quota allocation.
The second scenario considers a gradual phasing-out of milk quotas, which could be part of a 'soft-landing strategy' before the expected removal of milk quotas in 2015 
CONCLUSIONS
The projections showed that the number of dairy farms will continue to decline in the coming decade, although with an increase in the number of medium and large farms.
The size class with the largest average annual growth rate will be farms with 50-99
cows. The small dairy farms (i.e. semi-subsistence farms) will continue to exit from the sector although their relative share in the total number of dairy farms will tend to allocates additional quota to the larger farms that are likely to expand might be relevant. As quota increases are likely to be accompanied by declines in milk prices, they could limit the funds available for investments and modernisation and thus slow down the speed of adjustment, although the direction of adjustment is unlikely to change.
Although the Markov chain approach appears to be flexible for handling a wide scope of dynamic factors, the predicted evolution of the Polish dairy sector might also be affected by other factors, which are not explicitly included or not sufficiently accounted for in the model. Examples are poorly functioning factor markets (hidden unemployment, dis-functioning land market) and the (vertical) integration with the downstream dairy industry (e.g. Petrick and Weingarten, 2004, p. 6 and Latruffe et al. 2004) . For these reasons, the actual evolution might be different from the one projected in this paper, in particular for the subsistence sector. 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
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